Radioisotopic technics were used to explore physiologic aberrations that may characterize in-(lividuals with acute rheumatic fever. No significant changes were noted in serial measurements of the blood volume or serum sodium and potassium concentrations. _Most of the individuals with severe disease showed an initial value for radiosodium space of more than 330 ml./Kg. of body weight, with no evidence of edema. The exchangeable sodium content of the body correlated well with the radiosodium space. These changes are difficult to explain solely on the basis of extracellular edema, and are interpreted as suggesting that the intracellular content of sodium or that in bone is increased during acute rheumatic fever. An intracellular increase in sodium may be (lue to an alteration in the permeability of cell membrane induced by an immune mechanism.
AT THE present time there is much evidence to support the hypothesis that rheumatic fever is a consequence of a hypersensitivity reaction to an antigen or antigens produced by a previous infection with a beta hemolytic streptococcus.' Although extensive epidemiologic and bacteriologic studies on the pathogenesis of rheumatic fever have been made, little work has been done on the nature of the abnormal physiologic processes occurring during the acute disease state. Data presented in a previous preliminary note suggested that acute rheumatic fever may be associated with an alteration in the permeability of cell membranes.2 Such a hypothesis is compatible with the known effects of experimental in vivo antigen-antibody reactions on the distribution of body fluids and electrolytes. ' The purpose of the present, study was to make further physiologic measurements in rheumatic subjects, following the alterations in the distribution of electrolytes by means of radioactive isotopes of sodium and potassium.
MATERIAL AND METHODS Subjects. Twcnty patients, 14 males and 6 females, with the diagnosis of acute or chronic activc rhcuFrom the I)epartment of Medicine, University of Colorado School of Medicine, Denver. DIr. Aikawa is an Established Investigator of the American Heart Association.
This stud-y was aided in part by, a grant-in-aid from the American Heart Association and in part tinder a contract with the U. S. Atomic Energy Commission. 621 matic fever were studied. Their ages ranged from 5 to 41 years, and 16 patients were under 17 All subjects were given a regular hospital diet containing a maximum of 3 to 4 Gm. of sodium dailv. ASA, 2.4 Gm. daily, days [13] [14] [15] [16] [17] [18] [19] Aminopyrine, 0.9-1.8 Gm. daily, days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Aminopyrine, is difficult, therefore, to account for the abnormally high values for Na24 space solely on the basis of interstitial edema.
Intercellular Cement Substance. The rate of diffusion of an ion into the extravascular space following intravascular injection may be influenced by the nature and the state of the intercellular cement substance-the hyaluroinic acid and chondroitin sulfuric acid systems. The radiosodium space is increased, for instance, in myxedema, where the excess of colloidal substances in the interstitium causes abnormal retention of salt and water. Such an abnormal physiologic process is manifested clinically by puffiness and generalized nonpitting edema, and thyroid therapy results in loss of body weight and a parallel decrease in the radiosodium space.9
The apparent increase in the 3-hour value for the Na24 space in rheumatic subjects may be explained by an increase in the rate of exchange between the injected radioactive atoms and the native ions in the intercellular cement system. That connective tissue changes occur in acute rheumatic fever has been established. Were this the only factor responsible for the apparent increase in Na24 space, however, the 24-hour value for exchangeable sodium content would not necessarily be elevated. The finding in the present study of a remarkable correlation lvetween the Na24 space and the exchangeable sodium content suggests that the body's store of sodium is indeed increased during acute rheumatic processes; this excess sodium, however, does not appear to be extracellular in an amount sufficient to induce clinical pitting edema.
Bone Sodium. If the excess exchangeable sodium is not extracellular, there is a possibility that it might be adsorbed on bone in excessive amounts or exchanged with bone sodium at an increased rate. The nature and regulation of bone sodium are poorly understood, and it is conceivable that an increase in the exchangeable sodium content or the radiosodium space might be due to an abnormality in exchange or storage in bone. However, such a possibility is not thought to be as likely as the following explanation.
Tissue Cell Mlemnbrane. The data best fit the hypothesis that, in acute orI chronic active rheumatic fever, the normal relative impermeability of the tissue cell membrane to the sodium ion is altered, with a resultant! increase in the rate of exchange of sodium between the extracellular and intracellular compartments and ill the amount of sodium within cells. Thus, the radiosodium space and the exchangeable sodium content are increased to an extent which is out of proportion to the amount of clinical edema present.
This increase in the intracellular store of sodium appears to be accompanied by a decrease in the intracellular content of potassium. While the data on the exchangeable potassium are meager, they suggest that the exchangeable potassium content is lowest early in the course of severe or moderately severe rheumatic fever, when the exchangeable sodium content is highest. This change in equilibrium between the intracellular and extracellular compartments does not appear to be reflected by any consistent alterations in the seruim concentrations of sodium and potassium.
An increase in (apillary permeability usually results in extracellular edema formation; since edema was not evident, in the present study, it is concluded that capillary permeability was not significantly altered. Furthermore, no significant changes were noted in the plasma volume or total blood volume. These data suggest that the greatest physiologic abnormality occurred at the level of the cell membrane and that changes in capillary permeability were slight.
Relationship It is apparent that any severe disease process, whether produced by a physical, chemical, or biologic agent, will result in abnormal physiologic changes in the body cells. For instance, an increase in the intracellular content of sodium has been reported in such diverse disease states as infant diarrhea,'0 dietary deficiency of potassium,11 simian malaria,'2 Rocky Mountain spotted fever,'3 serum sickness,'4 congestive heart failure,"5 and experimental burns and trauma.'6 Thus, an increase in the intracellular content of sodium may be a nonspecific response to injury of any type.
The purpose of the present discussion is not to describe in detail the mechanisms involved in these various types of cell injury, but simply to determine whether the physiologic changes observed in acute rheumatic fever can be satisfactorily explained by the hypothesis that rheumatic fever is a hypersensitivity reaction to streptococcal infection. It was formerly assumed that antigenic substances that were injected parenterally remained in the extracellular fluid compartment. Recent studies with tagged antigens, however, have shown that antigenic substances rapidly cross the cell membrane'7 and localize in the mitochondria.18 It has been suggested that the mitochonidria are the anatomic site of protein synthesis, and that antibody production is a modified form of gamma globulin synthesis. An in vivo intracellular union of antigen and antibody might be expected to produce disturbances in the orderly function of intracellular enzyme systems and alterations in membrane permeability.
In the present study, the evidence of an alteration in cell membrane permeability, without evidence of abnormal capillary permeability, suggests that the changes may be due to the tuberculin or delayed type of hypersensitivity reaction,'9 since an increase in capillary permeability is usually evident in an in vivo anaphylactic type of reaction.
Adrenal cortical hormones, under certain conditions, can suppress antibody formation.2O
Although the exact mechanism of this suppression is not known, it has been stated that these substances tend to restore the integrity of cell membranes.2' The mechanism of action by which salicylates and aminopyrine suppress the rheumatic symptoms and signs is also unknown, but their effect appears to be more than antipyretic. The increased radiosodium space, for instance, persisted for several weeks after initiation of therapy, whereas the fever usually subsided within 48 hours. It has been suggested that both salicylates22 and aminopyrine23 stimulate the adrenal cortical secretion. Whatever the exact mechanism of action may be, the data suggest that the abnormal permeability of cell membranes in acute rheumatic fever can be suppressed by all of the therapeutic agents used. It is obvious that further and more extensive studies of the type reported here are necessary for a better understanding of the patho-immunophysiology of rheumatic fever. SUMMARY Serial measurements of the radiosodium space and the exchangeable sodium and potassium contents were made in 20 patients with acute or chronic active rheumatic fever, during hospitalization and therapy. Ten of 11 patients with severe disease had an initial value for Na24 space of more than 330 ml./Kg. of body weight, with no evidence of edema. Most of the subsequent values were lower, at a time when body weight had increased. Such changes were noted infrequently in individuals with mild or moderately severe disease.
The exchangeable sodium content of the body correlated well with the radiosodium space. The exchangeable potassium content of the body tended to be low when the exchangeable sodium content was high. No striking changes were noted in the serum sodium and potassium concentratiolls.
The results have been interpreted as suggesting that the intracellular content of sodium is increased during acute rheumatic fever, although the possibility of an increase in bone sodium has not been excluded, and that this abnormality may be due to 
